In colonic smooth muscles, rhythmic variations of membrane potential, slow waves, underlie peristaltic contractions (22) . Interstitial cells of Cajal initiate and propagate depolarizations and, through interaction with smooth muscle cells (SMCs), regulate contraction (22) . Input from neurotransmitters to SMCs then modulates the amplitude and duration of slow wave activity (22) . For example, in canine colonic SMCs, acetylcholine (ACh) and the tachykinin neurokinin A (NKA) activate an inward, non-selective cation (NSC) current (I NSC )
that depolarizes SMCs to cause Ca 2+ influx and contraction (17) . Receptor-independent activation of CCE with sarcoplasmic reticulum Ca
2+
-ATPase (SERCA) blockers like thapsigargin (TG) or cyclopiazonic acid (CPA) results in a sustained, Ca 2+ entry through I NSC (10, 20, 39, 40) . Multiple SOCs have been described, with unitary channel conductance ranging from 1.5-7 pS (5). Moreover, contractions can be evoked independent of L-type Ca 2+ channel activation (25) suggesting that additional pathways contribute to the regulation of peristalsis.
Initial identification of CCE in smooth muscles was made in mouse anococcygeus (40).
Evidence has since emerged for CCE and SOCs in a variety of cell types, including vascular (8), airway (2, 10), lower esophageal sphincter and esophageal body (39) smooth muscles. While whole-cell Ca 2+ i elevations have been well described in colonic SMCs both in response to For isolation of smooth muscle cells (SMCs), segments of colon were cut into strips (~2 mm wide, 10 mm long) and placed in 2.5 ml of dissociation solution (see Solutions). Tissues were stored in dissociation solution overnight at 4°C. On the next day, tissues were warmed to room temperature for 20-60 minutes and placed in a gently shaking water bath at 31°C for 45-60 minutes, followed by dispersion of cells by trituration with fire-polished Pasteur pipettes. All freshly isolated SMCs were studied within 8 hours of dispersion. In total, muscle was obtained from 22 specimens (13 female, 9 male; mean age of 65 years)
Measurement of [Ca

2+
] i . Dissociated cells were loaded with fura-2-acetoxymethyl ester (fura-2 AM, 0.2 µM) or fluo-4-acetoxymethyl ester (fluo-4 AM, 5 µM) with 0.05% pluronic and incubated at room temperature for 40 minutes as previously described (15, 16) . During incubation and throughout all experiments, care was taken to minimize light exposure to preserve fluorescence intensity. Cells were allowed to settle onto a glass coverslip that comprised the bottom of a perfusion chamber (~0.75 ml volume). The chamber was mounted on a Nikon To complement the fura-2 studies we used the single wavelength dye fluo-4, which is more appropriate for high speed imaging. Cells loaded with fluo-4 were illuminated with 488 nm of light from a multi-line argon ion laser and emissions were detected at 510 nm. Images were acquired at 40-65 Hz using a wide-field digital fluorescence imaging system (Photon Pipette resistance before seal formation ranged from 1-9 M . Whole cell recordings were initiated when access resistance stabilized at <40 M to allow series resistance compensation of reproducible and significantly greater than control applications of Ca 2+ o alone (p<0.05, Fig. 1D ).
These findings were suggestive of CCE in human colonic smooth muscles and prompted us to investigate the underlying signalling mechanisms.
Cholinergic excitation of colonic SMCs and rise of Ca
2+
i .
To confirm the viability of our freshly isolated SMCs and to validate the results seen in our tissue strip experiments on a cellular level, we studied Ca To capture a representative trace of the Ca 2+ i responses, an area of interest was selected ( Fig.   2A ). (This area was chosen since it maintained position during contraction.) From a low basal Ca 2+ i level there was a rapid increase upon stimulation with ACh followed by a gradual return to baseline levels following washout (Fig 2A, 2B , n=33) in agreement with previous studies in colonic smooth muscle (4, 29, 35 ) and our studies of human esophageal muscle (16) .
Regional changes in Ca
were examined (Fig. 2C ) in chosen areas of interest (9 x 9 pixels). Initial onset of Ca 2+ i rise occurred in regions a and c (Fig. 2C ) prior to the global Ca 2+ i elevations described above ( Fig. 2A, 2B ). The spatial dynamics suggested certain regions of the cell exhibited a more rapid onset of the rise of Ca While recording ionic currents we observed ACh-evoked I NSC (Fig. 3 ). With cells held at -60 mV, ACh (10 µM) activated a transient inward current ( Tachykinins, present in neurons of the gastrointestinal tract, induce contraction of human colonic smooth muscle strips (24) as well as contraction and I NSC in human esophageal smooth muscle (15) . We examined the effects of NKA on colonic SMCs. An I NSC similar to that evoked by ACh was observed and found to reverse at -2.9 ± 9.5 mV (n=3) with Cs + in the electrode solution. In addition, we looked for evidence of purinergic regulation in human colon. The purinergic receptor agonist (BzATP, 300 PM) evoked a I NSC with reversal potentials of -8.6 ± 6.0 into the bathing solution restored AChevoked transients (Fig. 4A) . These data support a role for both the release of Ca 2+ from intracellular stores as well as influx -results similar to those seen in esophageal SMCs (15, 16) .
Next, using a protocol similar to that in the tissue strip experiments (Fig. 1) , we concurrently applied ACh (10 µM) and caffeine (5 mM) to deplete both InsP 3 -and ryanodinesensitive stores (7) . A transient [Ca 2+ ] i rise similar to that seen with ACh alone ( for human esophageal SMCs (32). Depletion of intracellular stores occurred at a faster rate in isolated SMCs (Fig. 4B ) when compared to whole tissues (Fig. 1B) , perhaps reflecting the minimal diffusion barriers in isolated cells.
Store depletion can also be induced through inhibition of SERCA pumps (2, 8, 10 ] i , indicating rapid store depletion (n=5, Fig. 4D ). Subsequent cholinergic stimulation failed to evoke contraction (data not shown), confirming store depletion occurred under these conditions.
SERCA blockade induces CCE.
We next used SERCA inhibition to deplete Ca 2+ i stores and study changes of Ca (Fig. 5A, 4D ). Following application of 3 mM Ca 2+ o , a prompt increase in Ca 2+ i was observed (Fig. 5) . After a 5 minute washout, Ca 2+ i levels returned to baseline whereupon a second application of Ca 2+ o resulted in a reproducible Ca 2+ i elevation (Fig. 5A, B) . (Fig. 5) .
Consistent with the activation of CCE in other cell types (10), electrophysiological recordings revealed that SERCA-inhibition induced a gradual and sustained inward current (Fig.   6A, n=8) . In separate recordings, voltage ramp protocols (-100 to 50 mV) run during TG application revealed a current with reversal potential at -10 ± 1 mV (n=4, Fig. 6B ). The reversal potential of this current was suggestive of an NSC current, contrasting with the L-type Ca (Fig. 7) . The rise of Ca 2+ i was associated with the development of a net outward current (n=9) which likely represented reduction of the inward current carried by Na + , a feature previously described in Ca 2+ permeable channels (26) . Both Ca 2+ i and current levels returned to baseline following washout of the Ca 2+ o (Fig. 7B) . In separate cells, the current-voltage relationships were characterized by voltage ramp protocols (-100 to 50 mV) (Fig. 7C) . The current modulated by addition of Ca 2+ reversed direction at -17 ± 2 mV (n=3) and was apparent as a reduction of current, hence the negative slope. Taken together, these observations suggest that CCE occurs in SMCs through NSC currents activated by store depletion. was also apparent in other conditions. Our earlier data revealed both global changes in response to ACh (Fig. 2) and changes in discrete areas of interest (Fig. 2C) . Indeed, when distinct regions were examined, it was clear that Ca resulted in a rise of tension that was inhibited by addition of the NSC channel blockers SKF-96365 (Fig. 9A, n=30 ) and Lanthanum (La, 100 µM, Fig. 9B, n=12 ). The blockade was significant (Fig. 9C) , and supported the notion that CCE occurred in human colonic smooth muscle. homeostasis. Indeed, CCE contributes to contraction of ileum (25) and gall bladder (20) smooth muscle strips. Given that renal, mesenteric and coronary artery smooth muscles are reported to be functionally unaffected by CCE (33), it was important to characterize the effect in human muscles. Indeed, NSC channel inhibitors also exhibit species specificity.
DISCUSSION
For example, in organ bath studies on mouse anococcygeus, the cation channel blocker SKF-96365 inhibited CCE while another blocker, lanthanum, exhibited no effect (40). In contrast, CCE-evoked in gall bladder smooth muscle was not inhibited by SKF-96365 (20) . We report here that both SKF-96365 and Lanthanum inhibit CCE in human colon smooth muscle.
Slow rhythmic variations in membrane potential underlie peristaltic contractions in colonic smooth muscle (22) . In addition to Ca Clustering of channels into the specific sub-cellular domains needed for localized responses has been described for Ca In summary, the present study reveals that CCE is present in human colonic SMCs and contributes to Ca 
